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Creep behavior and forecast of welded joint for
2219T87 aluminum alloy at room temperature
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Abstract: The room temperature creep behavior of 2219T87 aluminum alloy welded joints processed by friction stir
welding (FSW) or tungsten inert gas welding (TIG) arc welding was investigated. The effects of welding process and
creep stress condition on the creep deformation were analyzed. The tensile and compressive creep properties of the joints
in 300 h were real-time measured by the creep machine. Based on the measured data, the creep strain of the joints after
1X10° h was calculated by curve-fitting method. The results show the creep strain of the samples in compressive test is
smaller than that in tensile state under the same stress level. In comparison to TIG arc welding, friction stir welding
generates better quality joints (with higher yield strength), which possess a fine, homogenous and no pores defect
microstructure. Therefore, the FSW joint has a better creep resistance. In addition, when the creep stress is lower than the
yield strength, the creep values of the 2219T78 aluminum alloy welded joints processed by FSW and TIG after 1X10°h
are less than 1%.
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Table 1 Chemical composition of 2219T87 aluminum alloy

(mass fraction, %)

Cu Mn Zr Fe Si V Ti Zn Mg Al

6.03 031 0.18 0.17 0.10 0.08 0.03 0.01 0.01 Bal.
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Fig. 1 Schematic drawing of tensile creep specimen (Unit:

mm)

Parent metal
@) &
O O
N X T
[LTIS |
NZ

B2 AR I RS M AR s R R
Fig. 2 Schematic diagrams of distribution features of creep
specimen welded joints: (a) Vertical weld direction; (b) Parallel

weld direction

WS N2 TAE 2 0] S0 ()5 e, IR AR e SN £ 1
KEZH K e=eptaln(Br+1) KAtk . b, g LRI
IR FIE N P e AR N AR, O SRR . RO
IS S I Z R i AR AL 4h i, B =0 I, e=eg. EIT
Origin HPFX] 5 AR SEU KA AR AT G, IRAFIR
BRFZAPHISHUE.

I AZ S5 F Gpe—100KN 5 AU AR I ML L 2EAT
PRI 25 1 BEMA 1 25 &9 DNS100 AR EHL.
TR & (1.0%HF+1.5%HCI1+2.5%HNO;+95%H,0, 1A
T EOX PG S A SR P T I bl 7065 Wi
BEAF R NGRS IO A 21

TE M 2 AT, B 2 SE IR FE A 18 °C, 8K
BN TE] 9 300 hy N S5 8it 9 41, 43 A BEA R 200
300 MPa, FEFE4 200, 300 MPa, FSW V474744
100, 200 MPa, FSW = F}54% 200 MPa, TIG ¥ 100,
150 MPa.

2 SRS
2.1 2219T87 HBEERBRIEZEIIEMEALRBFIES HhFH

PA
At

3 Bz 2219T87 584 48000 [5 FI b AT



5524 558 9 W 4 M, B 2219T87 HRA G R H S (i W G AR AT Ay B LTI 2237
YREETT ), SLrh, FSWARFE S IR o i K R
600 SR RIEAE Sl 230 MPa il 5%, SREEZ JREM 1 72%:;

0 4 8 12 16 20
&/%
3 2219T87 40 G Rl Je Foas ek 1R . g — R AR i 2

Fig. 3 Stress—strain curves of 2219T87 aluminum alloy and

its welded joints: (a) Compressive curve of 2119T87 aluminum
alloy; (b) Tensile curve of 2219T87 aluminum alloy; (c) FSW
(Parallel to weld line); (d) FSW (Vertical to weld line); (e) TIG
(Vertical to weld line)
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Fig. 4 Microstructures of 2219T87 aluminum alloy and FSW joints: (a) Optical micrograph of parent metal; (b) SEM image of

patent metal; (c) Optical micrograph of nucleation zone (NZ); (d) Optical micrograph of NZ and heat affected zone (HAZ)
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Fig. 5 Microstructures of 2219T87 aluminum alloy TIG welded joints: (a) Optical micrograph of parent metal; (b) Optical

micrograph at edge of weld zone; (c) Optical micrograph of weld joint zone; (d) SEM image of weld zone
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Fig. 6 Creep curves and fitting curves of 2219T87 aluminum alloy under different loads: (a) Tensile stress of 200 MPa; (b) Tensile
stress of 300 MPa; (c) Compressive stress of 200 MPa; (d) Compressive stress of 300 MPa
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Fig. 7 Creep curves and fitting curves
of 2219T87 aluminum alloy FSW
joints under different conditions:
(a) Parallel to weld direction at 100
MPa; (b) Parallel to weld direction at
200 MPa; (c) Vertical to weld direction

at 200 MPa
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Fig. 8 Creep curves and fitting curves of 2219T87 aluminum
alloy TIG welded joints: (a) Vertical to weld direction at 100
MPa; (b) Vertical to weld direction at 150 MPa
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Table 2 1 X 10° h creep values of different materials

calculated by extrapolation method

Material Stress/  &(300h)/  &(1X10°h)/
MPa % %
Parent metal +200 0.368 0.520
Parent metal +300 0.634 0.970
Parent metal —200 0.328 0.404
Parent metal -300 0.558 0.905
FSW(Parallel to weld line) + 100 0.163 0.178
FSW(Parallel to weld line) + 200 0.354 0.414
FSW(Vertical to weld line) + 200 0.625 0.955
TIG(Vertical to weld line) +100 0.242 0.349
TIG(Vertical to weld line) +150 0.420 0.544
“+” represents tensile stress; “—” represents compressive stress.
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